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"Starter equipped with a torqiie-limiter and damper device" 

The present invention relates to a motor-vehicle 

starter . 

The invention relates more particularly to a 
starter of the type including an electric motor the 
output shaft of which rotationally drives a coaxial in- 
ertia-type drive with the interposition of a step-down 
planetary-meshing gear train. 

In order to limit the value of the maximum 
torque which can be transmitted between the output 
shaft of the electric motor and the shaft of the iner- 
tia-type drive, it is known to provide a torque-limiter 
device . 

To that end, a friction-type torque-limiter de- 
vice has already been proposed, in which at least one 
friction disc is pressed by an elastic element against 
an annular, side face of the crown ring of the step- 
down planetary gear train of the starter, the other 
face of the crown ring being in contact with a second 
friction disc. Moreover, the friction disc is linked in 
rotation to the casing. 

The pressure exerted by the elastic element on 
the friction disc makes it possible to limit the torque 
to which the crown ring of the planetary gear train is 
subjected. This is because, when the torque is greater 
than the resisting torque, which is due to the friction 
between the friction disc and the crown ring of the 
planetary gear train, this latter element is driven in 
rotation by the crown ring within the casing. 

This device makes it possible to limit the 
torque due to substantial overloads on the starter „ 
However, it does not make it possible to protect the 
elements of the starter against moderate torque oscil- 
lations. These moderate oscillations do not entail the 
immediate breaking of the crown ring or of another ele- 



ment of the planetary gear train, but cause wear by fa- 
tigue which may, for example, cause the breaking of a 
tooth of a toothed element. 

Certain devices propose using damper elements. 
5 The European patent EP-A-0 . 529 . 456 thus proposes a 
starter which includes a torque-limiter device as well 
as a damper. 

The crown ring of the planetary gear train then 
includes two circular chambers separated by a trans- 

10 versely oriented partition. The inner annular periphery 
of one of the chambers carries teeth which interact 
with the toothing of the satellite gears. The inner an- 
nular periphery of the other chamber, for its part, in- 
cludes recesses which make it possible to accommodate 

15 elements made of damping material. Axial claws of a 
transverse disc are inserted into the elements made of 
damping material. The transverse faces of the disc are 
in contact, on the one hand, with a transverse face of 
the casing and, on the other hand, with a friction ring 

20 which is pressed elastically towards the disc. 

When the crown ring is subjected to moderate 
torque variations, each damping-material element is 
compressed between a claw and an opposing side face of 
a recess in such a way as to damp the oscillations aind 

25 to limit the fatigue of the elements of the planetary 
gear train. 

When the torque is more substantial and exceeds 
the value of the resisting torque, due to the friction 
of the disc on the friction ring and the casing, the 

30 disc is no longer immobilised; the crown ring then 
drives it in rotation. 

Although the device proposed in this document 
makes it possible to damp the moderate variations in 
torque as well as substantial overloads on the starter, 

35 this solution entails a substantial axial bulk, as well 
as complicated machining operations, especially of the 




crown ring. This is because it requires two chambers to 
be produced, one including the drive teeth, and the 
other the recesses intended to accommodate the damping- 
material elements . 
5 Moreover, this device cannot be transposed into 

a friction-type torque-limi ter device in which the 
crown ring of the planetary gear train is held axially 
under pressure between two flanges . 

The object of the invention is to propose a new 

10 design of a starter including a torque-limiter and 
damper device which remedies the drawbacks which have 
just been set out. 

To this end, the invention proposes a motor- 
vehicle starter of the type including an electric motor 

15 the output shaft of which rotationally drives a coaxial 
inertia-type drive with the interposition a step-down 
planetary gear train including a cylindrical casing 
within which the crown ring, internally toothed, of the 
planetary gear train is mounted so as to rotate, and of 

20 the type in which the crown ring is linked in rotation 
to the casing by way of a friction-type torque-limiter 
device which is interposed axially between the crown 
ring and a lateral flange of the casing and which con- 
sists of at least one annular, friction side face of 

25 the crown ring and of a disc which is linked in rota- 
tion to the casing, which are pressed axially and elas- 
tically against one another by an elastic element bear- 
ing axially on a reaction surface of the disc, charac- 
terised in that the disc is linked in rotation to the 

30 casing by way of at least one damper block, elastically 
deformable, which absorbs mechanical energy when it is 
compressed, in such a way as to damp the variations in 
torque transmitted to the crown ring. 

According to other characteristics of the inven- 

35 tion: 



- the resisting torque, due to the friction, be- 
tween the reaction surface of the disc and the elastic 
element is less than the torque between the disc and 
the crown ring; 

- the casing, in its inner periphery, includes 
at least one axial recess which is limited in angle, 
and in which is lodged at least one damper block; 

- the disc, at its outer periphery, includes at 
least one lug which carries at least one compression 
tab extending axially inside the axial recess, and in 
that [sic] the damper block is interposed in an angular 
way between at least one axial face of a compression 
tab and an opposing side face of the axial recess; 

~ each compression tab is interposed in an angu- 
lar way between two damper blocks lodged in the same 

axial recess; 

- the two damper blocks are produced as a single 
damper element including an axial slot in which the 
compression tab is accommodated; 

- the disc is a component made from cut-out and 
folded sheet metal with the lug and the compression tab 
produced as a single piece; 

- each compression tab is accommodated between 
two adjacent blocks so as to interact with one or the 
other depending on the direction of rotation of the 
starter; 

- the damper block is made of elastomer mate- 
rial ; 

- the damper block includes protrusions, on an 
axially oriented side face, so as to provide an energy- 
absorption capability which is variable as a function 
of the compression of the damper block along a substan- 
tially tangential direction; 

- several damper blocks are distributed over an 

angle ; 




~ the damper blocks are linked together so as to 
constitute an annular sleeve; 

- an intermediate ring is interposed between the 
disc and the elastic element, and in that [sic] the re- 

5 sisting friction torque between the ring and the disc 
is less than the torque between the disc and the crown 
ring; 

- the ring is prevented from rotating with re- 
spect to the casing. 

10 Other characteristics and advantages of the in- 

vention will emerge on reading the detailed description 
which follows, for an understanding of which reference 
will be made to the attached drawings, among which: 

- Figure 1 is a view in partial axial section of 
15 the electric motor of a starter associated with a 

planetary gear train including a torque-limiter and 
damper device produced in accordance with the teachings 
of the invention; 

- Figure lA represents, in detail, a part of the 
20 damper and limiter device represented in Figure 1; 

- Figure 2 represents, in exploded perspective, 
the principal elements which constitute the torque- 
limiter and damper device in accordance with the teach- 
ings of the invention; 

25 - Figures 3 to 5 represent a cross-section of an 

angular sector of the torque-limiter and damping device 
produced in accordance with the teachings of the inven- 
tion; 

- Figures 6 and 7 represent two damper blocks 
30 linked together into a single damper element; 

- Figures 8 and 9 represent, partially in per- 
spective, a damper block according to variants of the 
invention , 

In Figure 1 has been represented an electric mo- 
35 tor 10 belonging to a starter of a motor vehicle (not 
represented in detail), the rotor 12 of which is 




mounted so as to rotate about an axis X-X within a cas- 
ing or stator 14, these two elements 12 and 14 being 
represented diagrammat ically in the figure. 

The output shaft 16 of the electric motor 10, 
5 linked in rotation to the rotor 12, projects axially 
beyond the front face 18 of the stator 14 and rotation- 
ally drives a pinion 20 which is the sun pinion of a 
planetary gear train 22 arranged within the casing 24 
of a step-down gear 26 associated with the electric mo- 
10 tor 10. 

The casing 24 consists in essence of a cylindri- 
cal annular skirt 28, of a disc-shaped rear flange 30, 
pierced at its centre 32 in order to let through the 
sun pinion 20 and the output shaft 16, and of a front 

15 lateral flange 34, pierced at its centre 36 in order to 
let through the output shaft 38 of the step-down gear 
26, which is intended to drive the inertia-type drive 
(not represented) of the starter in rotation by way of 
splines (not represented) , 

20 According to one variant, the skirt 28 is a part 

of the front bearing of the starter, the flange 34 then 
being a fixed component. 

The rear axial extremity 48 of the skirt 28 in- 
cludes a bearing surface 50 for centring the skirt 28 

25 on a complementarily shaped part of the front extremity 
of the stator 14 of the electric motor 10. 

The skirt 28 is fixed axially to the stator 14 
by a series of tie rods which are not represented in 
the figure. 

30 The annular cylindrical skirt 28 of the casing 

24 includes an internal bore 52. 

The planetary gear train 22 includes an annular 
crown ring 58, toothed internally 60, and the outer cy- 
lindrical surface 62 of which is mounted so as to ro- 

35 tate within the bore 52 of the skirt 28. 




The planetary gear train 22 also includes a sat- 
ellite-gear carrier 64 which is linked in rotation to 
the output shaft 38 and which consists of two plates 66 
which carry;, rotating, toothed satellite gears 68 which 
5 interact with the internal toothing 60 of the crown 
ring 58 and with the external toothing of the sun pin- 
ion 20. 

The output shaft 38 is mounted so as to rotate 
in the piercing 36 of the front flange 34 with the in- 

10 terposition of a needle-type bush 70, while the free 
front extremity 72 of the sun pinion 20 is mounted so 
as to rotate within the rear extremity 74 of the output 
shaft 38, with the interposition, for example, of a se- 
ries of needles 76. 

15 The toothed crown ring 58 is linked in rotation 

to the skirt 28 of the fixed casing 24 by way of a 
torque-limiter and damper device 80 the crown ring 58 
of which constitutes one of the components. 

To that end, the crown ring 58 is produced from 

20 a material, for example a filled plastic material, pos- 
sessing good friction and friction-wear resistance 
characteristics. 

The toothed crown ring 58 is bounded laterally 
by two rear 82 and front 84 annular side faces which 

25 constitute two annular friction surfaces of the torque- 
limiter device 80. 

The torque-limiter and damper device 80, a part 
of which is represented in detail in Figure lA, espe- 
cially includes two discs 88, 89 and two intermediate 

30 rings 90, 91 which are situated at the front and at the 
rear of the crown ring 58 respectively. Damper blocks 
92 are distributed at the outer periphery of the crown 
ring 58; they are arranged in the inner periphery of 
the skirt 28, in axial recesses 94 which are distrib- 

35 uted regularly, for example at 120^, in accordance with 



Figure 2 . The recesses are separated from one another 
by axial ribs 95 . 

The damper blocks 92 are produced from a mate- 
rial which makes it possible to absorb shocks, such as 
5 a natural or synthetic elastomer. They may also consist 
of a spring of the oblong spring, leaf spring, etc, 
type . 

The damper blocks 92 can be reinforced by a 
spring-metal strip which is then fixed, for example, by 
10 overmoulding of the block 92, by bonding or by inser- 
tion . 

The discs 88 include radial lugs 96 which are 
distributed at their outer periphery facing the re- 
cesses 94 of the skirt 28. Each lug 96 includes a cen~ 

15 tral part 98 which extends radially outwards in the 
same plane as the discs 88 and 89, as well as two com- 
pression tabs 100 which extend axially towards the disc 
88 or 89 opposite. 

The lugs 96 may be produced by cutting-out and 

20 by folding with the discs 88 and 89 which include them. 

During the assembly of the starter, a damper 
block 92 is arranged on one single side of the lugs 96, 
in accordance with Figure 2, The device 80 then damps 
the torque variations in a single direction. 

25 Advantageously, in accordance with Figure 3, 

damper blocks 92 are arranged over an angle or tangen- 
tially on each side of the lugs 96. To do this, it is 
necessary for the sum of the width LI of the lugs 96 
and of the widths L2 and L3 of the blocks 92 to be sub- 

30 stantially equal to the width L4 of the recesses 94. 

The use of damper blocks 92 on each side of the 
lugs 96 makes it possible to damp the torque variations 
when the starter generates an overload or when it re- 
ceives one. However, these two types of overload may 

35 have different values which it is sometimes possible to 
determine approximately. Hence it may be advantageous 




to use a different block 92 on each side of the lugs 
96, 

Advantageously, in order to optimise the reac- 
tions of the device 80, it is possible to use damper 
5 blocks 92 having shapes, dimensions, in accordance with 
Figure 4, or different materials, in accordance with 
Figure 5. 

When a damper block 92 is used on each side of 
the lugs 96, it is advantageous to merge them together 
10 into a single damper element 93 in accordance with Fig- 
ure 6. The compression tabs 100 are then accommodated 
in axial slots 102 produced for this purpose. 

In order to facilitate the assembling of the 
damper elements 93 in the skirt 28 of the casing 24, 
15 they may be linked together by an annular sector 104 in 
accordance with Figure 7. Thus, the damper elements 93 
form an annular sleeve 106 which is preassembled with 
the crown ring 58 and the discs 88 and 89. The assembly 
of these elements is then inserted axially into the 
20 bore 52 of the skirt 28, each damper element 93 then 
being inserted into one recess 94. 

Each of the rear 82 and front 84 annular side 
faces bears axially against the opposing inner face of 
a disc 88 and 89 the outer face of which is in contact 
25 with an intermediate ring 90 and 91 respectively. 

The rear intermediate ring 91 bears on the rear 
flange 30 of the casing 24. 

The rear flange 30 is retained axially inside 
the skirt 24 by way of a ring 110 which is mounted in 
30 an internal radial groove of the skirt 28. 

An elastic element 112, produced in the form of 
a f rustoconical elastic washer, is mounted axially com- 
pressed between the inner annular face 114 of the front 
transverse flange 34 and the front annular face 116 of 
35 the intermediate ring 90. 




The elastic washer 112 is centred on a cylindri- 
cal bearing surface of the front transverse flange 34 
which extends radially inwards. 

The washer 112 thus provides a force for axial 
5 compression of the assembly consisting of the discs 88 
and 89, the intermediate rings 90 and 91, the crown 
ring 58 and the rear transverse flange 30, against the 
end stop consisting of the retaining ring 110, 

The value of the axial elastic force applied by 

10 the washer 112 to this assembly, as well as the value 
of the coefficient of friction between the surfaces in 
contact, determine the value CI of the torque from 
which the torque-limiter and damper device 80 damps the 
torque variations, and determine as well as [sic] the 

15 value C2 of the maximum admissible torque exerted on 
the crown ring 58. 

Thus, the coefficient of friction between the 
discs 88, 89 and the intermediate rings 90, 91 is lower 
than the coefficient of friction between the discs 88, 

20 89 and the crown ring 58. 

The faces of the discs 88, 89 may include a dif- 
ferent lining so as to exhibit a coefficient of fric- 
tion which is higher on the face in contact with the 
intermediate rings 90, 91 than on the annular side face 

25 88, 89 [lacuna] the crown ring 58. 

When the starter is operating, the crown ring 58 
is subjected to a torque C. The resisting torques due 
to the friction forces in the region of the surfaces in 
contact make it possible to immobilise the crown ring 

30 58 as long as C remains less than CI. When the value of 
the torque C exceeds the value of the torque CI, slip- 
page occurs between the discs 88, 89 and the intermedi- 
ate rings 90, 91. The assembly consisting of the crown 
ring 58 and the discs 88, 89 is then slightly driven in 

35 rotation with respect to the casing 24. The damper 
blocks 92 , situated in the direction of rotation with 




respect to the lugs 96, are then compressed, along a 
tangential direction, between the compression tabs 100 
and the angular-extremity side faces of the recesses 94 
which makes it possible to damp the shocks and thus to 
5 reduce the wear on the elements of the starter. Their 
compression, and consequently the angle of rotation of 
the assembly, is an increasing function of the torque 
C . 

The coefficient of friction between the discs 

10 88, 89 and the intermediate rings 90, 91, as well as 
the axial compression force of the washer 112, are de- 
termined in such a way that the application of a lesser 
torque to CI causes only limited wear (by fatigue) of 
the elements of the starter such as the meshing teeth 

15 of the crown ring 58. 

When the value of the torque C increases and be- 
comes greater than the maximum admissible value C2, for 
example in the event of a shock or of a torsional jolt 
of the internal-combustion engine, the adhesion forces 

20 between the discs 88, 89 and the crown ring 58 are in- 
sufficient to immobilise the crown ring 58 with respect 
to the casing 24 of the step-down gear 26, and the lat- 
ter then begins to turn on the discs 88, 89 and thus 
limits the torque transmitted to the value C2 by dissi- 

25 pating the excess mechanical energy by friction. 

Thus the torque-limiter and damper device 80 op- 
erates successively in three phases in the course of 
the increasing of the torque C to which the crown ring 
58 is subjected. 

30 When the torque C is less than the torque CI, 

the transmission of the forces from the electric motor 
10 to the output shaft 38 of the step-down gear 26 is 
total . 

When the torque C lies between the torque CI and 
35 the torque C2, the device 80 absorbs some of the 
forces; it then operates as a damper. 




Then, when the torque C becomes greater than the 
torque C2 , the device 80 limits the torque transmitted 
by the crown ring 58 to the value of the torque C2 . 

With the damping phase appearing only when the 
5 torque C is greater than the torque CI, the device 80 
makes it possible to prevent oscillations of the crown 
ring 58 for slight variations in the torque C. 

According to one variant, in order for the damp- 
ing of the variations in the torque C to be more pro- 

10 gressive, when its value lies between those of the tor- 
ques CI and C2, the side face 120 of the damper blocks 
92 which is opposite an angular-extremity side face of 
the recesses 94 includes protrusions 122. Hence the 
damper blocks 92 have an energy-absorption capacity 

15 which is variable as a function of their compression 
along a substantially tangential direction. 

The protrusions 122, which may be pellets 124 
affixed to the face 122, in accordance with Figure 8, 
or recesses with a triangular cross-section 125 formed 

20 in the face 120, in accordance with Figure 9 [sic] . 
Hence, the protrusions 122 exhibit constant or non- 
constant cross-sections which have a greater elasticity 
and which are compressed more easily than the rest of 
the damper blocks 9 under a light loading. 

25 The design of the device 80 according to the in- 

vention is particularly compact axially since it in- 
cludes elements taking the form [lacuna] the discs 88, 
89 and/or of rings 90, 91 featuring a small axial bulk. 

Advantageously, each pair consisting of a disc 

30 88, 89 and of an intermediate ring 90, 91 can be pro- 
duced as a single piece. In this case, each face of the 
single piece should feature a different coefficient of 
friction so that the face in contact with an annular 
side face 82, 84 of the crown ring 58 transmits the 

35 torque C up to the value CI, and so that the other face 
transmits the torque C up to the value C2 . 




It is also possible to use only a single disc 88 
or 89, which allows an additional reduction in the ax- 
ial bulk of the device 80. 

Moreover, the rear intermediate ring 91 and the 
rear flange 30 can be produced as a single piece, on 
condition that the front face of the intermediate ring 
allows the rear disc 89 to slip when the torque C is 
greater than the torque C2 . 

The assembling of the components is particularly 
easy, and all the components of the planetary gear 
train 22 and of the torque-limi ter and damper device 80 
can be assembled within the casing 24 and held in place 
by way of the ring 110; the subassembly thus consti- 
tuted can then be put in place on the stator 14 of the 
motor 10, the sun pinion 20 associated in rotation with 
the output shaft 16 of the motor 10 then penetrates in- 
side the step-down gear 26. 



